Integrating Use Phase Information and Virtual Product Representation to Support Functional Products  by Lejon, Erik & Jeppsson, Peter
Available online at www.sciencedirect.com
2212-8271 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Programme Chair of the Fourth International Conference on Through-life Engineering Services.
doi: 10.1016/j.procir.2015.07.049 
 Procedia CIRP  38 ( 2015 )  204 – 209 
ScienceDirect
The Fourth International Conference on Through-life Engineering Services
Integrating use phase information and virtual product representation to
support Functional Products
Erik Lejona,*, Peter Jeppssona
aComputer Aided Design, The Faste Laboratory, Luleå University of Technology, SE-97187 Luleå, Sweden
∗ Corresponding author. Tel.: +46-920-492153; E-mail address: erik.lejon@ltu.se
Abstract
Providing not only products but a combination of products and services can help add value and enable competitiveness for both the providers and
their customers. Research has suggested Functional Products (FP) as one concept to achieving this combination of products and services.
Traditionally, when a product is sold the ownership of the product is transferred to the customer, making it diﬃcult for the provider to access
information from the products use phase. In the case of FP, the ownership of the product is retained by the provider, and access to use phase
information is essential to provide the function at a guaranteed level of availability. This information access also allows feedback to earlier life
cycle phases. This paper explores how information generated in the use phase of FP can be integrated with the virtual product representation in a
Product Lifecycle Management (PLM) system.
A concept was developed for capturing use phase information from a potential FP. The concept utilizes wireless sensors that makes the
information available through networks. WebSockets are used for providing real-time access and visualisation of the information. Both real-time
and historical information can be accessed in a dashboard by any device that supports HTML5. A PLM system connects relevant information
from the FP in use with the virtual representation of the FP.
The concept was implemented in a case at a producer of automotive parts. A uniﬁed solution for information management of both use and
development of FP was achieved by integrating use phase information and the virtual product representation.
c© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
There is a shift in manufacturing companies from selling
products to providing services, and new business models such
as Functional Products (FP) are attracting increased interest [1].
In the FP business model a function is provided to a customer
with a speciﬁed availability while the ownership of the product
is retained by the provider. FP needs to be managed and fur-
ther developed by the provider throughout their entire lifecycle.
Modern Product Lifecycle Management (PLM) solutions need
to address these new ways of developing and managing prod-
ucts and services.
PLM systems are commonly oriented towards the manage-
ment of Computer Aided Design (CAD) and associated docu-
ments and processes. The poor support for activities outside
product development is the main weakness of available PLM
solutions [2]. This paper addresses this limitation by proposing
a concept that enables feedback from the product use phase to
be integrated with an commercially available PLM system.
To support information from activities outside product de-
velopment the PLM system need to manage both the class and
the instances of a product [2,3]. The class is the virtual product
representation that exists in the PLM system as an object and
the instances are the physical products that has been manufac-
tured based on the virtual product representation. The instances
diﬀer from each other for example in how they are manufac-
tured, used and maintained.
There is an industrial need to have easy access to use phase
information from products. Information collected from the use
phase of the life cycle could be used for improving the product
and for the management of it. However, in most cases the in-
formation ﬂow breaks down after delivery to the customer [4].
In the case of FP the providers access to product use informa-
tion is a requirement to be able to fulﬁll its commitments. This
availability of use phase information is a distinguishing feature
of FPs compared to traditional products.
Advances in sensor technology, such as wireless sensor net-
works, connects several product embedded sensors to collect
real-time information from products and processes. This infor-
mation can then be made available to both providers and cus-2212-8271 c© 2015 The Authors. Published by Elsevier B.V.
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tomers globally.
1.1. Related Work
Related research includes, but is not limited to, integration
of product use information into PLM, product use information
for product improvement, Intelligent Products, Closing infor-
mation loops in PLM, Product Life Cycle Support (PLCS), In-
formation sharing in FP Development and Product Service Sys-
tems (PSS) support in PLM systems.
Abramovici et.al. presented a concept for integrating the
product use phase into PLM by incorporating data from con-
dition monitoring into product development [5].
Dienst et.al. presented a feedback assistance system for
management, analysis and visualisation of product use infor-
mation for product improvement [3].
Kiritsis deﬁned Intelligent Products as as a product system
which contains sensing, memory, data processing, reasoning
and communication capabilities [6]. Intelligent Products are en-
abled by Product Embedded Information Devices (PEID) such
as RFID and Wireless Sensor Networks. The PEID links the
product instance with its virtual product representation.
Closed-loop PLM has been presented by Jun et.al. [7] as
a concept that allows all actors in a products lifecycle to ac-
cess product information, including after the delivery to the cus-
tomer. This is enabled by PEIDs that provides access without
temporal or spatial constraints.
The PROMISE project [8], an FP6 EU-project, dealt with
the information ﬂow from product systems through all product
lifecycle phases and aimed to close the product lifecycle infor-
mation loop.
Ameri and Dutta [9] discussed PLM as an enabler for reuse
of information from diﬀerent lifecycle phases to close knowl-
edge loops.
PLCS / ISO 10303-239 [10], is a standard that deﬁnes what
information that can be represented and exchanged to support a
product during its lifecycle.
Information sharing in FP development has been discussed
by Lindstro¨m et al. [1], highlighting the need for the ability to
monitor the FP and collect data from the use phase as well as
the need to share information to coordinate development of the
hardware, software and service-support systems.
Abramovici et al. [5] states that next generation PLM sys-
tems will be extended to support PSS, and provide knowledge
from the use phase of the PSS to development phases.
1.2. Virtual Product Representation
Computer aided tools are used to create and optimize a vir-
tual product representation [11]. This virtual product represen-
tation typically consists of CAD geometry with associated data
e.g. diﬀerent types of analyses and oﬃce documents. The vir-
tual product representation can be stored in a PLM system to
allow for it to be utilized and extended over the lifecycle of a
product.
1.3. Functional Products
FP has similarities with concepts such as PSS and Indus-
trial Product Service Systems [12]. Providing an agreed upon
function to a customer with a speciﬁed availability is the main
objective of FP [13]. Throughout the lifecycle of the FP it must
be managed, further developed and optimized to create a sus-
tainable win-win situation for the customer and the provider
[14]. FP has four main constituents: Hardware (HW), Soft-
ware (SW), Service-Support System (SSS) and Management of
Operation (MO) [12]. Each constituent has its own lifecycle
and the FP lifecycle can be mainly deﬁned by the lifecycles of
the hw and sw [14]. The SSS is, according to Alonso-Rasgado
et al. [15], much more than maintenance, and often includes
decision-making, operations-planning, remanufacture and edu-
cation.
1.4. Motivation
Several papers have highlighted the limitations of currently
available PLM systems with regards to the use phase of prod-
ucts [2–5,16,17]. There is a need for PLM systems to support
new business models such as PSS and FP [1,5].
To support the FP business model, information from the use
phase needs to be captured and made available for the provider
so that they can monitor the condiﬁton of the product and take
action if required to ensure the availability. This information
could be used to optimize the performance, maintenance and
other aspects of the FP. Captured information could also be used
to get a better understanding of the customers use of the prod-
uct and to improve designs and simulations of current and next
generation of FP.
In the FP business model the ownership of the hardware is
retained by the provider. Access to sensors and monitoring of
the function is essential for the function provider. This access is
enables the provider to create value from use phase information.
Making the information accessible and integrated with the sys-
tems that are used for product development, for example PLM
systems, can help creating this value. This is something that
is often not possible for traditional products or similar product
service concepts due to the lack of information available to the
provider after the product has been delivered.
Kiritsis [6] identiﬁed a trend of more integrated software
systems that includes smart embedded systems to provide real-
time information to higher level information management sys-
tems. This paper presents a concept that utilize smart embed-
ded systems in the form of a wireless sensor network to provide
product use information to a high level information manage-
ment system in the form of a PLM system.
1.5. Contribution and limitations
This paper explores the possibilities for supporting FP using
available PLM systems and information captured from the FP
use phase provided by wireless sensor networks.
The main contribution is a concept that shows an example of
how PLM systems can support FP by connecting the use phase
information of product instances with their virtual product rep-
resentation in the PLM system. The concept has been imple-
mented for an potential FP at a manufacturing company.
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Fig. 1. Integrating use phase information and virtual product representation
The work presented in this paper is limited to use phase in-
formation automatically captured by sensors and does not con-
sider feedback manually captured by humans.
2. Information Management For Functional Products
A concept for capturing and integrating product use informa-
tion of an FP with its virtual product representation in a PLM
system has been developed and implemented. An overview of
the concept is depicted in Figure 1. The concept is modular and
can utilize readily available technologies. This allows for build-
ing systems that are easy to use, conﬁgure, extend and maintain.
The concept consists of wireless sensors, a sensor gateway ,
a real-time data provider, a database, a PLM system and dash-
boards.
2.1. Wireless Sensors
Miniature wireless embedded internet systems (EIS) that are
used in sensor nodes allows sensors to be made available in net-
works. This is achieved by connecting sensors such as pressure
sensors and accelerometers to the I/O of a sensor node. Mul-
tiple sensor nodes can connect with each other and gateways
to form a wireless sensor network. The sensor node reads the
values from its connected sensors and transmits these on the
wireless sensor network to the gateway.
To avoid major impact on the product and its surroundings
the sensor nodes should be built with small low power wireless
EIS that can be run of battery or harvest available energy.
2.2. Sensor Gateway
To make the product use information available outside the
wireless sensor network, gateways are used. A sensor gateway
is a device that has a connection to both the wireless sensor net-
work and the Internet/intranet. The gateway connects the sensor
network to a real-time data provider and a database. If possible
the gateway can connect to the provider through the customers
network. Cellular networks can be used in cases where access
to the customers network is not possible.
2.3. Real-time Data Provider
The real-time data provider is a software that consists of
a message queue and a WebSocket [18] server. The message
queue receives data from one or more sensor gateways and dis-
tribute it as messages to clients currently connected to the Web-
Socket server. Each client can choose which messages they
wish to subscribe to.
2.4. Database
The database could be any type of data storage able to store
the stream of data from the sensor network, for example a stan-
dard SQL database such as MySQL or Microsoft SQL Server.
The database receives data from one or more sensor gateways.
The database provides historical data to the Dashboard and the
PLM system.
2.5. Dashboard
To ensure that the information is easy to access, a HTML5
web application is used to provide a dashboard. This allows
the dashboard to be accessed by any device with a webbrowser
supporting HTML5, such as most modern computers, tablets
and phones. Real-time information is accessed by subscribing
to messages from the real-time data provider. The information
can be displayed as raw messages or plotted as graphs. The
geometry that is part of the virtual product representation can
be visualised in the dashboard using WebGL. This allows for
sensor data to be mapped to the 3D-geometry and displayed in
real-time. Displaying real-time temperature from several sen-
sors could be a potential use case.
Fig. 2. PLM Data model with product use information
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2.6. PLM System
The PLM system provides access to the virtual product rep-
resentation together with sensor data from the database. This
enables users to access use phase information in their context
for example in a CAx system to improve new design, validate
designs and compare physical and virtual results from testing
and simulation.
The data model of the PLM system needs to be extended
to add support for the manufactured product instances. Dienst
et.al. [3] has shown that it is possible to support product in-
stances in a commercial PLM system. They achieve this by
connecting the product data in the PLM system with the product
use data in an external system using serial numbers as unique
identiﬁers. In our concept the data model of the PLM system
is extended by creating a new object type that represents an
instance as shown in Figure 2. The instance object provides ac-
cess to information unique for that instance. This is achieved
by attributes that stores links to the sensor dashboard as well as
an integration with the sensor database where relevant informa-
tion can be mapped to attributes of the instance object. Other
types of use phase information such as where the instance is lo-
cated and how it has been serviced can also be made available
as attributes on the instance object. The instance object is con-
nected to the virtual product deﬁnition by a relation in the PLM
system.
3. Implementation
The implementation has been carried out together with Ges-
tamp HardTech, a manufacurer of press hardened automotive
parts. They are currently developing a potential FP business
model. The hardware part in the potential FP is a press harden-
ing tool.
The Mulle Platform [19] was used to build a wireless sen-
sor network consisting of one sensor node and one sensor gate-
way. The sensor node was installed in a press hardening tool.
Sensors for capturing the pressure in gas springs and acceler-
ation/vibrations was also installed in the tool and connected to
the sensor node. The Mulle utilizes the IEEE 802.15.4 stan-
dard for low power wireless communication [20]. Power con-
sumption can be as low as 20 μW. Due to wireless connectivity
and low power requirements of the sensor node, the installation
could be achieved without additional cables for network and
power supply. The modiﬁcation needed was the addition of a
small box including the sensor node and its battery, and also the
sensors and the cables connecting the sensors with the sensor
node. The gateway device gathers information from the sensor
node and distributes it to a MySQL database and through a real-
time data provider. The real-time data provider is implemented
in Python and uses the Zero Message Queue for managing mes-
sages and the WebSocket protocol [18] to send these to clients.
The data model of Gestamp HardTechs PLM system, Siemens
Teamcenter, was extended to support product instances and pro-
vide links to the dashboard. The dashboard is implemented in
HTML and Javascript. A screenshot of one view in the dash-
board can be seen in Figure 3.
Sensor data has been collected during one manufacturing
campaign and stored in the database. The dashboard was also
used to verify that information could be visualised in real-time.
The captured information was presented using the dashboard to
managers at both Tooling design and Tooling research. They
both agree that product development beneﬁts from access to
product use information for improving current and future prod-
ucts. The sale of press hardening tools as a function is sup-
ported to some extent by providing monitoring for optimizing
the maintenance and that it could also be used to optimize how
the customer is operating the tool. Thus ensuring that the tool
is operating as designed and agreed upon. Some other potential
uses for the information includes:
• Predict wear in the tools
• Predict tolerances of pressed components
• Predictive maintenance
• Optimization of tool performance
• Faster tool try-out
4. Discussion And Conclusions
The retained ownership and need for monitoring of FPs
bring a possibility to create value from use phase information.
One way to create this value is integrate the use phase infor-
mation with the virtual product representation. This integration
enables use phase information to be easily and contextually ac-
cessed during product development.
Traditionally, when a product is sold the ownership of the
product is transferred to the customer making it diﬃcult for the
provider of the product to access information from its use phase.
It is up to the customer to provide this information and there
might be a lack of motivation or ability to do so. In the case of
FP, where the the ownership of the product is retained by the
provider, access to use phase information is essential to provid-
ing the function at a guaranteed level of availability. This infor-
mation access also allows feedback to earlier life cycle phases.
The provider has the most in-depth knowledge about the
product and can ensure that it is operating and being main-
tained eﬃciently. It is however important to have an agreement
with the customer about what information is available for the
provider as well as for the customer. This agreement should en-
sure that information that is not needed for providing the func-
tion and that the customer is unwilling to share is not made
available to the provider. There is a potential for the customer
to use available information to optimize other aspects of their
production.
By utilizing wireless sensor networks with low cost nodes,
use phase information can be easily captured and made avail-
able to both providers and customers. This can be achieved
without major modiﬁcations to the product or its surrounding
infrastructure. Wireless technology and energy harvesting tech-
niques requires minimum impact on existing products and pro-
cesses by avoiding additional cables for network and power
supply.
A uniﬁed solution for information management of both
product use and product development for FP can be achieved by
integrating use phase information and the virtual product repre-
sentation. The PLM system used for the implementation does
not explicitly support FP or similar concepts through predeﬁned
data models and applications. The PLM system can however be
extended to also support instances of products.
The product used in the implementation to represent a FP
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Fig. 3. Dashboard screenshot
was developed as a traditional product and therefore the virtual
product deﬁnition does not include anything speciﬁc for FP. To
support FP in PLM systems would likely include modiﬁcation
to the data model representing the virtual product deﬁniton.
We believe that integrating the use phase information, pri-
marily generated from monitoring the HW/SW, with the virtual
product representation can aid in the development and execu-
tion of all four FP constituents.
5. Future Work
Access to use phase information can create value in the prod-
uct development process for example as feedback on designs or
uncovering needs that are unaddressed. Future research should
focus on how product development should use the information
to improve current and future products. Data mining of life cy-
cle information is one concept to provide algorithmic feedback
for product development [21]. Due to the enhanced access to
this type of information in the case of FP this would be a suit-
able subject to address. Integrating use phase information cap-
tured manually by humans could also be considered in future
work. Currently the use of the implementation has been limited
to only one manufacturing campaign. After an extended use
period the concept presented in this paper will be further devel-
oped, evaluated and validated. The wireless nodes are currently
powered by battery but due to their low energy demands they
could ideally be powered by harvesting energy from for exam-
ple motion or temperature diﬀerences.
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